INTRODUCTION
The pilot induced oscillations (shortly PIO) are a potentially dangerous phenomenon which is described in the scientific literature as "sustained or uncontrollable oscillations resulting from the efforts of the pilot to control the airplane" (***, 1980) [1] , or, for example, as a "misadaptation between the pilot and the aircraft during some task in which tight closed loop control of the aircraft is required from the pilot" (Amato, 1999) [2] .
TYPES OF PIO
The following types of PIO are known (the reader can consult [6] ):
 Category I: Linear oscillations of the pilot-vehicle system, resulted from excessive lags introduced by filters, actuators, feel system and digital system time delays.  Category II: Quasi-linear oscillations which are mainly due to actuator rate limiting.  Category III: Severe life-threatening PIO which are caused by nonlinearities and transitions in pilot or effective airplane dynamics.  Category IV: Highly non-linear oscillations which are theoretically considered and less studied.
AN EXAMPLE OF PIO: JAS-39
In February 1989 the first JAS-39 crash due to PIO was happened during landing approach. The event was initiated by an inadvertent response of the pilot-aircraft system to a lateral turbulence: the lateral PIO coupled in the pitch axis which resulted in a crash. After the impact the test pilot suffered a broken arm and the aircraft was destroyed. The second JAS-39 accident took place in August 1993, in the mid flight, and the same test pilot escaped by ejecting himself from the airplane.
The actuator rate limiting played an important role in both accidents of the JAS-39 but, from parametric variations of the stick inputs in both pitch and roll, later, a criterion was developed in order to allow the pilot -aircraft system to work near the margins of the rate limit (for this type of aircraft a "fix" subsystem has been developed in order to prevent the rate limiting -the reader can consult [2] , pg. 13).
Both accidents showed the PIO II phenomenon.
THE BWB CONCEPT
Blended Wing Body (BWB) aircraft, which may also simply be called Blended Wing aircraft model, has an airframe design which incorporates design features of futuristic fuselage with a flying wing. An intuitive presentation of the Blended Wing aircraft concept can be found, in [7] pp. 71-92. Also, several researches regarding the BWB are, for example, [8] and [4] .
Among the advantages of the BWB configuration there are: less fuel consumption and reduced radar signature (in the absence of the conventional tail).
The original BWB configuration conceived by McDonnel Douglas team can be seen in the next figure. 
THE LOW-ORDER LATERAL-DIRECTIONAL BWB SYSTEM
From [9] , pg. 121, the following lateral-directional BWB system is considered: 
The system analysed is rewritten as the system below -with one input ( ). This is partly motivated by the fact that the BWB configuration doesn't have a conventional tail, but lateral fins tails are used instead.
The above system is linearized around the trim point ( , , , ) v p r  and, for the system obtained only the second and third equations are kept
where:
r r r      and r r r      .
For the above system the entities from the state -space representation are: ,
For the system (4) the input r  is introduced as a state, resulting
For the above system the elements from the state -space representation are:
and c 
The transfer function is computed from
is computed in a general form in the last relation of the subsection 3.2 and in detail in the first relation of the subsection 4.1.
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THE DEFLECTION OF THE FLIGHT CONTROL SURFACE
In Figure 3 below, the first order transfer function of an actuator is shown The following is used 
which is equivalent to:
The rate saturation of the deflection of the flight control surface r  is defined in the following:
where is the rate limit value (in the test case we assume it equal to 1.57
ABSOLUTE STABILITY PROBLEM
Absolute stability refers to the global asymptotic stability of the zero equilibrium point of the general nonlinear system
having sector restricted nonlinearities of the form (see Figure 6 ):
and the property of the equilibrium being valid for all the linear and nonlinear functions verifying (17). For further reading one can consult, for example, the paper [14] . Without entering in further details, the definition of the global asimptotic stability property of dynamical system can be taken from the reference [13] , pg. 66.
The Popov Criterion is used in order to answer the question if the linearized pilotairplane system associated to the nonlinear one -in the case under discussion, the system (4) which is linearised from (3) -is absolutely stable in the presence of saturations (imposed by the dynamics of the actuator -specifically the rate limiter), for the mentioned conditions.
GENERIC BLOCKS OF THE PILOT-AIRCRAFT SYSTEM
General stabilization of the pilot-aircraft system, using the rate limiter is shown in Figure 4 , in which the limiter is of "AIAA type" (as in [5] , p. 166) and  represents the output of the system. The plane transfer function is expressed by:
and, throughout this paper, by  a nonlinear function is denoted (a saturation, like in Figure   6 below), which fulfills the following sector condition: An examination of the graphics of the above figure shows that these functions are sector restricted, i.e., belong to the class described by the next figure. 
LURIE CONTROL PROBLEM
The following transformation (adapted from [12] , pp. 57-58) of the system who has rate saturation can be written as in Figure 7 below. In the example considered in this paper, the system (4)+ (2) is rewritten using the equivalence (as a form) between (21) and (22), resulting the system (8)
where 
 is introduced as a state: 
From the above system is obtained
From (27), (28) and (29) results
Using the notation
from (30) and (31) the following relation is determined
which is equivalent to
From (33) we can see that the transfer function is in the critical case of one simple pole in origin (the transfer function denominator -the characteristic polynomial -has all the roots in with the exception of one which is zero). 
THE POPOV CRITERION, APPLICATION AND CONCLUSIONS
The Popov condition express a frequency condition for the global asymptotically stability property of a dynamically system in the condition of the Lurie problem (a good reference for the Lurie problem is [11] , pp. 263-264).
Remark 4.1 From the general theory of functions of a complex variable with real coefficients (for example rational meromorphic functions) it is known that the real part of a transfer function is even (in ) and the imaginary part is odd (but when multiplied with  it is also even), so results that the above relation is even and then the condition is not restrictive: 
THE POPOV CRITERION APPLIED TO BWB MODEL
